Little is known about the drivers of twomonth sputum smear non-conversion in the South African context. Our study sought to determine these factors in new sputum smear positive tuberculosis (TB) patients in South Africa's Free State Province. A retrospective record review was conducted for all TB patients on treatment between 2003 and 2009. Twomonth sputum smear non-conversion was defined by a positive sputum smear result. Data was subjected to univariate, bivariate and regression analyses. Generalized linear regression models were used to estimate the risk for two-month sputum smear non-conversion. Age, pre-treatment sputum smear grading, HIV status and TB disease classification influenced two-month sputum smear non-conversion. Significant associations were thus established between health systems, microbiological, clinical and demographic factors, and two-month sputum smear non-conversion. This study provides program managers with evidence to support the development of more tailored TB care.
Introduction
Despite the availability of highly effective treatment, tuberculosis (TB) remains a serious problem in South Africa. The World Health Organization (WHO) assessment showed that TB incidence in all the 22-high burden countries is falling except in South Africa. The country in fact accounted for one-quarter of all incident TB cases in the WHO Africa Region in 2010. 1 Two-month sputum smear conversion is a useful indicator of TB program performance.
Research has shown that persistent sputum positivity at the end of two months of TB treatment can predict adverse treatment outcomes including increased failure and/or relapse rates. [2] [3] [4] In terms of TB patient management, two-month sputum smear conversion is an important measure of treatment progress. From our preliminary investigations of the routine data for 2009, 83% of the TB patients in the Free State Province of South Africa who were classified as cured at the end of treatment had also had successful sputum smear conversion during the intensive (first two months) treatment phase. 5 The results of sputum smear testing at the end of the intensive phase determine whether the anti-TB regimen can be switched to the continuation phase or whether the patient should be given an additional month of intensive phase treatment. [6] [7] [8] Knowledge of the factors associated with persistent sputum positivity at the end of two months of anti-TB therapy is therefore useful for clinicians to better manage their patients and improve treatment outcomes.
Previous studies have associated sputum conversion/non-conversion with age, 2-4,9,10 pretreatment sputum smear grading [acid fast bacilli (AFB)] 3,4,11-15 and sex. 2, 10, 14, 16 To our knowledge, no studies have examined the issue of sputum non-conversion in the Free State Province. This is of concern since the incidence of new smear positive TB has been steadily increasing countrywide since 2002. 17 The current research set out to establish the factors associated with two-month sputum smear non-conversion in the Free State. Based on literature, it was hypothesized that twomonth sputum smear non-conversion would be associated with delayed treatment onset after positive sputum smear diagnosis, pre-treatment sputum smear grading, HIV status, TB disease classification, and patient demographics including age and sex.
Materials and Methods

Study design and setting
A retrospective record review was conducted on routine data in the ETR.Net (http://www.etrnet.info/WhatIsETR.aspx) for all new smear positive TB patients in the Free State who received treatment between 2003 and 2009. The ETR.Net is software designated for the capturing of TB patient information directly from standardized paper registers. At facility level, TB patients' clinical information is collated onto standardized paper TB registers by the TB nurse. The information on the paper registers is then validated by the local area TB coordinator. A copy of the validated information is then sent to be captured on the ETR.Net at the sub-district level. Once data is captured in the ETR.Net, it is available on a server and can be accessed at both the district and provincial levels. Data for the present study was aggregated for all health care facilities in the five districts comprising the Free State Province.
Study population
The study population was defined as new smear positive TB patients eight years and older registered in the ETR. Net during the stated period. Excluded from the study were patients who were transferred out, those who had died or had interrupted treatment before the end of the intensive phase and those whose sputum results were not recorded (including those who could not produce sputum) at the end of two months on treatment.
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[page 69] and again at treatment completion. Two sputum specimens are collected for smear examination at each point in time. 6 The current study concentrated on sputum smear results at two months of TB treatment. The outcome variable, two-month sputum smear non-conversion, was measured by a positive sputum smear result -confirmed by presence of TB bacilli -recorded at the end of the intensive phase of treatment.
Independent variables considered for the study included: age in years (8-17, 18- We used the age category of 8-17 years in order to determine non-conversion rates among children whose compliance is presumably monitored by their parents. The subsequent categories, i.e. 18-27, 28-37, 38-47, 48-57, and 58 years were arbitrary increments in age and were used to determine the effect of increasing age on two-month sputum smear non-conversion. The pre-treatment sputum smear grading was based on results of the fluorescence microscopy with auramine O stain method, routinely recorded in the TB register. HIV status was based on routinely recorded rapid antibody tests. 18 The number of days from TB diagnosis to treatment was determined by the difference in days between date of treatment onset and the date of TB diagnosis. While sub-groups for this variable were arbitrarily determined, practice in the province is that patients should be initiated on treatment within five days of TB diagnosis. The first category was therefore 0-4 days. TB disease classification was based on the national protocol for TB diagnosis. 6 
Analysis
Data was subjected to univariate, bivariate and regression analyses using Stata version 10 (StataCorp, College Station, TX, USA). We used generalized linear models to estimate the risk for two-month sputum smear non-conversion for each sub-group of independent variables, adjusting for other independent variables in the model. The variables considered for both univariate and multivariate models include age, pre-treatment sputum grading, treatment onset delay, HIV status and TB disease classification. Risk ratios (RR) together with their corresponding 95% confidence intervals (CIs) were estimated for the regression models. Two-sided significance was considered at P 0.05. Due to statistically significant differences between males and females regarding the outcome variable, results are presented for each of the sexes as well as the population as a whole (Tables 1 and 2 ).
Ethics approval
The study was approved by the Health Research Ethics Committee at the University of Stellenbosch and the Ethics Advisory Board of the International Union Against Tuberculosis and Lung Disease.
Results
Retrospective record review
A total of 54,164 records were extracted from the ETR.Net. Of these, 5256 (9.7%) cases were transferred out, 2903 (5.4%) were reported dead, 877 (1.6%) had interrupted treatment before the end of the intensive phase, and sputum smear results were not recorded at the end of two months on treatment for 5141 (9.5%) cases (those who could not produce sputum included). A total of 39,987 (73.8%) cases had a recorded two-month sputum smear result.
Patient demographics
The total number of cases with a recorded two-month sputum result included 21,444 19 Factors associated with two-month sputum smear non-conversion
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All variables considered were independently statistically significantly (P<0.001) associated with sputum smear non-conversion at two months of TB treatment. At 12.5%, males cases had a significantly (P<0.001) higher rate of two-month sputum smear non-conversion than females at 9.3%. Among the age groups, those aged between 48-57 years reported a significantly (P<0.001) higher rate of non-conversion relative to other age groups. As expected, non-conversion was significantly highest among cases with very severe (AFB 3+) pretreatment grading (18.5%; P<0.001). Surprisingly, patients who delayed treatment initiation by more than 12 days had statistically significantly lower non-conversion (9.8%; P<0.001) than to those who had delayed treatment onset by 11 days or less. HIV-negative cases registered statistically significantly (P<0.001) higher non-conversion (12.0%) than HIV-positive cases (8.4%) and those with unrecorded HIV status (11.5%). Non-conversion was also significantly higher in cases diagnosed with PTB only (11.1%) than those classified to have both PTB and EPTB (7.06%; P<0.001) ( Table 3) .
Risk for two-month sputum smear non-conversion
In Table 2 , results indicate that after controlling for other variables in the model, male patients aged between 48 and 57 years were at 140% greater risk for two-month sputum smear non-conversion compared to their counterparts aged 8-17 years (adjusted RR, 2.4; CI, 1.8-3.3). Among female cases, those aged 58 and older were at 30% greater risk of non-conversion compared to those aged 8-17 years old (adjusted RR, 1.3; CI, 1.01-1.75). In the population as a whole, patients aged between 48 and 57 years faced significantly higher risk of non-conversion than those aged 8-17 years (adjusted RR, 1.8; CI, 1.5-2.1).
Regarding the pre-treatment sputum grading, male cases with a sputum smear grading of AFB 3 + were at a 480% higher risk (adjusted RR, 5.8; CI, 4.6-7.5) for two-month smear non-conversion compared to their counterparts with a scanty grading. Likewise, females with a sputum smear grading of AFB 3 + had a 430% higher risk for two-month sputum smear non-conversion relative to those with a scanty grading (RR, 5.3; CI, 4.1-6.8). A similar trend was observed for cases with AFB 3 + grading in the general population who had a 470% higher risk of non-conversion than those with scanty grading (adjusted RR, 5.7; CI, 4.8-6.8). 
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non-conversion compared to their male counterparts with less than five days delay in treatment onset. These differences were however not statistically significant after controlling for other variables in the model within the female sub group, as well as the entire population.
Relative to their HIV-positive counterparts, HIV-negative males (adjusted RR, 1.2; CI, 1.0-1.4) and those with unknown HIV status (adjusted RR, 1.2; CI, 1.1-1.3) both had 20% higher risk for non-conversion. Among female cases, those with unrecorded HIV test results had a 50% higher risk for two-month sputum smear non-conversion compared to their HIVpositive counterparts (RR, 1.5; CI, 1.3-1.7). In the general population, HIV-negative cases and those with unrecorded status had respectively 20% (RR, 1.2; CI, 1.04-1.36) and 30% (RR, 1.3; CI, 1.2-1.4) greater risk of non-conversion than their HIV-positive counterparts.
Regarding TB disease classification, after controlling for other variables, results were statistically significant only among male cases and in the general population. Males diagnosed with only PTB had 40% higher risk for non-conversion compared to males diagnosed with both PTB and EPTB (RR, 1.4; CI, 1.06-1.91). In the general population, cases diagnosed with only PTB also had 40% higher risk for sputum smear non-conversion relative to those with both PTB and EPTB (RR, 1.4; CI, 1.09-1.70).
Discussion
Results showed an association between age and two-month sputum smear non-conversion, with older TB patients showing high risk for non-conversion. These findings are consistent with studies conducted among TB patients in Saudi Arabia 3 and Burkina Faso. 10 Progressive age-related immune dysregulation and delayed TB diagnosis 20, 21 could possibly account for the observed two-month sputum smear non-conversion among older patients in the current study. These poor smear conversion rates emphasise the need for more rigorous clinical management of older PTB patients.
In line with research conducted in other settings, 3, 4, [11] [12] [13] [14] [15] patients with severe pre-treatment sputum smear grading had a higher risk for two-month sputum smear non-conversion than those with scanty grading. As shown in a Saudi Arabian study, 3 patients with a high pretreatment sputum smear grading not only showed poor sputum conversion at the end of the intensive treatment phase, but were also more likely to exhibit poor treatment outcomes including lower cure rate, and higher failure and death rates, than patients with a scanty grading. Hence, to avoid such poor outcomes, TB programmes need to intensify active TB case finding.
The finding that male patients who had delayed treatment initiation by 8-11 days had a 20% higher risk for two-month sputum smear non-conversion compared to their male counterparts with less than five days delay cannot be readily explained from the current study and should be further investigated.
In this study, HIV-negative TB patients were at a higher risk for two-month sputum smear non-conversion than their HIV-positive counterparts. It could be that the specialist-driven treatment adherence training received by HIVpositive patients also had a positive effect on these patients when they initiated their TB treatment, consequently influencing their sputum conversion. However, previous research in Tanzania 22 and Uganda 23 has shown that HIV status is not a significant predictor of twomonth sputum smear non-conversion.
Patients diagnosed with only PTB were at a higher risk for two-month sputum smear nonconversion than their counterparts diagnosed with both PTB and EPTB. This finding could possibly be attributed to the fact that patients diagnosed with both PTB and EPTB are usually hospitalized and receive specialist management, with directly observed treatment by nurses. Consequently, compliance to treatment is high with reduced risk for non-conversion.
Limitations of the study include: firstly, some patients did not have sputum smear results because the process of grading, capturing and monitoring of sputum smear results as part of routine data commenced only during the period 2004-2005; secondly, there is potential misclassification of the outcome variable as culture investigations were not considered; thirdly, it was not possible to establish the reasons for delay in commencing TB treatment after diagnosis; fourthly, findings relating to HIV status should be interpreted with caution as the HIV results were not recorded for most of the patients due to the aforementioned reasons; and fifthly, the study was based only on the routinely collected data and therefore did not consider other important variables that could influence the outcome variable, including chest radiograph results, patient symptoms at diagnosis, as well as nutritional status. Nonetheless, as far as could be established, this is the first study in South Africa which has assessed the determinants of two-month sputum smear non-conversion using routinely recorded patient information.
Our findings have two important policy implications for TB program performance and resource allocation in the Free State: Firstly, TB patients' characteristics including age, sex, pre-treatment sputum smear grading, time to treatment initiation, HIV status and TB disease classification need to be considered when monitoring TB program outcomes. Secondly, efforts need to be made towards early TB patient identification to avoid high levels of pre-treatment sputum smear grading and subsequent treatment failure/relapse.
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Conclusions
Findings support our hypothesis that twomonth sputum smear non-conversion is associated with patient demographics, including age and sex, as well as delayed treatment onset, pre-treatment sputum smear grading, HIV status, and TB disease classification. Significant associations were thus established between health systems, microbiological, clinical and demographic factors and two-month sputum smear non-conversion. The study provides program managers with evidence to support the development of more tailored care.
